Introduction
Photoaffinity labeling is a powerful technique for the identification of interacting molecules. When it is applied to a ligand-receptor system using a photolabile ligand probe, it provides an opportunity for the identification of the receptor molecule, as well as for the identification of the portion of the receptor that is labeled and even the identification of spatially approximated residues within the docked ligand and receptor. It is particularly useful when being applied to sparse and hydrophobic membrane receptors that are often quite difficult to characterize using other high resolution physicochemical techniques. Photoaffinity labeling has been applied to many pancreatic receptors, including those recognizing secretin (1, 2) , cholecystokinin (3, 4) , gastrin (5, 6) , insulin (7), glucagon (8) , glucagon-like peptide-1 (9, 10), glucose-dependent insulinotropic polypeptide (11) , and vasoactive intestinal polypeptide (12) . These receptors are expressed on every type of cell within the pancreas. In this report, we utilize the photoaffinity labeling of the secretin receptor as an example of the application of this technique.
Secretin is secreted by the S cells in the small intestinal mucosa in response to luminal acid and stimulates biliary and pancreatic ductular bicarbonate and water secretion, thereby regulating the pH of duodenal contents (13) . Its receptor is a prototypic member of the B family of G protein-coupled receptors (GPCRs) that includes many important drug targets. Understanding of the molecular basis of ligand binding to this receptor can not only help refine our understanding of its conformation, but also provide insights that may be useful for the rational development of drugs acting at all members within this family of GPCRs.
We have utilized photoaffinity labeling to identify multiple residue-residue approximations between secretin and its receptor, providing extremely useful constraints for building a molecular model of the ligand-bound secretin receptor (1) .
In this report, we describe the step-by-step procedures of photoaffinity labeling of the secretin receptor using the [Bpa 16 ,Tyr 10 ]rat secretin-27 probe (1) as an example. This ligand probe incorporates a photolabile moiety, benzoyl phenylalanine (Bpa), in position 16 to replace a serine located within the mid-region of the ligand and a tyrosine in position 10 to replace a naturally-occurring leucine as a site for radioiodination. The steps covered include probe characterization by binding and biological activity assays, probe radioiodination, receptor photoaffinity labeling, peptide mapping of the labeled receptor for identification of candidate fragments and radiochemical sequencing for identification of the specific receptor residue that was covalently labeled. ]rat secretin-27 (for photoaffinity labeling). Both peptides were synthesized in our laboratory. 3. Add an Iodo-Bead to the reaction and react for 15 s.
Materials

Binding assay
4.
Transfer the reaction to a new tube and dilute with 0.5 ml 0.1 % trifluoroacetic acid.
5. Load the diluted material onto a reversedphase C 18 column and elute the radiolabeled product from the column with a gradient from 100% buffer A consisting of 0.1 % trifluoroacetic acid to 100 % buffer B consisting of 100% acetonitrile over 50 min.
6. Collect fractions containing the radioactive peak from the HPLC and store in 100 µl aliquots at -80 ºC. ]rat secretin-27 to 20,000 cpm per 50 µl with KRH binding buffer. 9. Vortex and incubate at room temperature for 1 h.
Binding assay
10. Soak a glass fiber filtermat in 0.3 % polybrene for 1 h.
11. Separate bound radioactivity from free radioactivity using a Skatron cell harvester.
12. Count filters using an Iso-Data gamma spectrometer.
13. Analyze data using GraphPad Prism software package ( Figure 1 , left panel). 8. Determine cAMP levels in the cell lysate using the LANCE cAMP kit following the manufacture's instructions.
cAMP assay
9. Analyze data using Microsoft Office Exel and GraphPad Prism software package ( Figure 1, right panel) . 
Expose the gel to an X-ray film in a cassette
with an intensifying screen at -80 ºC for various periods of time.
14. Develop the film (Figure 2 ). ]rat secretin-27 (~1,000,000 cpm). Set up at least four tubes.
After photolysis and gel electrophoresis,
wrap the wet gel with plastic and expose the gel to an X-ray film in a cassette with intensifying screen at -80 ºC for certain of period of time, dependent on the efficiency of labeling.
3. Develop the film, cut labeled receptor bands and crush the gel slices in water in a Dounce homogenizer using the tight setting.
4. Transfer gel slurry to a 15-ml tube. Rotate the tube end-over-end for at least 5 h at 4 C.
5. Centrifuge at 2,000 rpm for 5 min. Transfer the supernatant to a 50-ml tube.
6. Resuspend the gel slurry with an equal volume of distilled water and pellet by centrifugation. Transfer the supernatant to the 50-ml tube.
7. Freeze eluted sample at -80 C for at least 1 h, and then lyophilize the sample (~14 ml) to dryness.
8. Resuspend the lyophilized sample in 300 µl distilled water and equally transfer it to two siliconized microcentrifuge tubes.
9. Add 850 µl cold ethanol into each tube and keep at -20 C for at least 4 h.
10. Centrifuge at 14,000 rpm for 30 min at 4 ºC and carefully aspirate the supernatant.
11. Resuspend the pellet in 1 ml of cold ethanol and spin at 14,000 rpm for 15 min at 4 ºC.
12. Dry the pellet in a SpeedVac for 5 min. Samples are ready for chemical and protease cleavage.
Chemical and protease cleavage
Chemical and/or enzymatic digestion can provide useful information for identification of the covalently labeled portion of a photoaffinity labeled receptor. Cyanogen bromide is the most commonly used chemical method for peptide mapping studies, since it can quantitatively cleave at the carboxyl terminus of all methionine residues within that protein, and since this amino acid is present in limited frequency in most proteins, thereby yielding a limited number of variable size products. BNPS-skatole is another frequently used chemical, which cleaves at the carboxyl terminus of tryptophan residues within a protein. However, the action of this chemical may be limited, and it can miss some possible target sites, making interpretation challenging. Among the many selective proteases possible for peptide mapping, endoproteinase Lys-C and Asp-N are most often used. The former cleaves proteins at the carboxyl terminus of lysine residues, while the latter specifically cleaves the amino-terminal bond of aspartic acid residues and sulfated cysteine residues. The action of proteases is also often limited by access to relevant targets. 3. Dry the sample in a SpeedVac. Add 250 µl distilled water to each tube, and dry the sample in a SpeedVac. Repeat this step once.
4. Run samples on a 10 % NuPAGE gel in MES-based running buffer. Use SeeBlue molecular weight markers as protein standard for estimation of the apparent molecular size of labeled fragments.
5. Expose wet or dried gel to an X-ray film in a cassette with an intensifying screen at -80 ºC for various periods. Use wet gel for autoradiography if bands of interest are needed for purification for sequential cleavage by another chemical or protease.
6. Develop the film (Figure 3 ).
BNPS-skatole cleavage
1. Incubate the gel-purified intact receptor or receptor fragment with 2 mg/ml BNPSskatole in 70 % acetic acid in a final volume of 200 µl in the dark at 37 °C for 48 h. If cleaving a labeled receptor fragment, cut the fragment band from the NuPAGE gel, elute, lyophilize, precipitate it in 90 % acetone and dry the pellet in a SpeedVac. 2. Dry the sample in a SpeedVac. Add 250 µl distilled water to each tube, and dry the sample in a SpeedVac. Repeat this step once.
3. Run samples on a 10 % NuPAGE gel in MES-based running buffer. Dry the gel and perform autoradiography. 3. Dry the gel and perform autoradiography. 12. After finishing sequencing, dry all tubes containing methanol washes in a chemical hood. After subtracting the background, calculate the eluted radioactivity in each tube and determine the location of the peak that corresponds with the labeled receptor residue (Figure 4 ). 
Radiochemical sequencing
Notes
1. Membrane binding assay can be performed using centrifugation or 96-well plate FilterMate Harvester (PerkinElmer). Cell binding assay is also frequently used in our laboratory (9). 2. Like most GPCRs, the secretin receptor is a glycosylated protein and deglycosylation is very useful during the process of peptide mapping. This can be done using endoglycosidase F (15) or N-Glycosidase F (Proenzyme) following the procedures described in the manufacture's manual.
3. For some low affinity photoaffinity labeling probes or for low expressing receptor mutants, enrichment using lectin beads (EY Laboratories, Inc.) is very helpful (15).
4. Depending on the chemistry of the photolabile residue incorporated in the secretin probe, the wavelength of the UV lamps for photolysis can vary. For benzoyl phenylalanine (Bpa), use 3500-Å lamps. For benzoyl-benzoyl lysine, use 3000-Å lamps.
5. When a secretin probe incorporating a photolabile residue in the amino-terminal region of the peptide is used, it is necessary to block the amino terminus of the probe attaching to the receptor fragment for radiochemical sequencing. In this case, use amino group blockers such as acetic anhydride or sulfo-NHS acetate to block both the probe and receptor after photoaffinity labeling but before further chemical and protease cleavage (16) . Upon cleavage, new free primary amino group of a receptor fragment will be generated that can be used for radiochemical sequencing Edman degradation. However, it is not necessary to block the ligand probe if the incorporated photolabile residue and the radioiodinated residue are away from the amino terminus, as long as they are not cleaved before the labeled receptor residue to which they covalently attach.
